The decline in new entrants to IT professions coincides with the burgeoning use of new information and communications technologies among adolescent users. Teenage girls embrace a wide range of new technologies, yet are less interested in IT-related careers or college majors than their counterparts in earlier years. In order to forestall further declines in IT college majors, educators in middle schools and high schools must learn how to better instill an appreciation for IT career opportunities in their students. The purpose of this paper is to report on our descriptive study of teenagers' technology-based perceptions, habits and interests, and to explore the link between these usage patterns and other personal attributes concerning technology access in their homes and schools. Analysis of more than 300 surveys reveals both similarities and differences in male and female elective technology use. Of particular note is that many of the gender-related differences do not appear until high school. This signals that students must be made aware of the importance and benefits of computing technology for purposes other than leisure or social interaction in the lower grades, and also in the home. We also find significant differences in genderbased usage patterns and perspectives on computing. With this understanding of current usage patterns, educators and employers will be in a better position to review IT-related pedagogy and curricula, and to appraise IT career options in a more informed light.
II. BACKGROUND
Researchers have published many studies acknowledging gender-based differences in technology use in companies and across cultures. Most U.S. based research shows that adult women and men are about equally likely to use the Internet [Dholakia et al., 2003] or e-mail [Gefen and Straub, 1998 ]. Culturally-distinctive variation is noted globally in Internet usage patterns [Dholakia et al., 2003] . Gender is also associated with differences in the reasons for or purpose of the use [Gefen and Straub, 1998 ].
Early studies of computer use found that boys generally spent more time online (usually linked to game use), but if age is considered, differences do take on different patterns. For example, in one study, young girls (before the fourth through seventh grades) actually spent more time on computers than boys, after which girls' usage dropped off [Swanson and Miller, 1998] .
Like other recent studies, Subrahmanyam and Lin [2007] found no gender gap in teenagers' home-based access to the Internet (87.8 percent of respondents) or the amount of time spent online (eighty-five minutes per day, or nine and three-fourth hours per week) or on e-mail (twenty-five minutes per day or two hours and fifty minutes per week). Almost half (40.4 percent) of respondents had access to the Internet in their room. They call for further research to study adolescent use of multiple simultaneous online activities as e-mail and Internet surfing alone do not account for social patterns (e.g., loneliness) among the high school-aged teens they studied. The most recent Pew report on teen use of technology states that 75 percent of teens own cell phones, and 93 percent of them go online regularly, so barriers to access have virtually disappeared [Lenhart et al., 2010] . With the recent influx of new technologies and alternative communication applications like text messaging, IMs, Twitter, and social networking, these trends are rapidly becoming more complex and will continue to change our conception of adolescent behavior around technology.
The academic literature on teenage technology use [cf. Gurer and Camp, 2002] has mostly concentrated on social factors when examining gender or age-related differences in usage patterns or technology preferences. Punamaki et al. [2007] found age-and gender-related differences in the use of computers for entertainment, with boys exhibiting higher usage levels for playing digital games, writing, e-mail, and Internet surfing at ages fourteen, sixteen, and eighteen. Interestingly, there were no differences (other than for gaming) between twelve-year-old girls and boys. Mobile phone usage patterns were the converse, with girls using mobile phones more often than boys at a time when most teenagers used a family-shared mobile phone. (Only a few percent of respondents owned their own phone in their sample.) In a more recent survey of 1,000 British adolescents between eleven and sixteen years old, Sacco [2008] found that 38 percent of young girls are daily users of social networking, online games, and mobile downloads, and fully 90 percent of the girls thought technology was -cool.‖ Yet twice as many boys than girls of this group were considering a technology career.
Some of the most detailed analyses of usage patterns were documented in a series of studies by the Pew Internet & American Life Project [Lenhart, 2005; Lenhart et al., 2005; Lenhart et al., 2010] . They found that girls were more likely to send or receive e-mail and text messages than boys, and surf the Web for entertainment, schools to attend, health or fitness information. Both genders about equally sent IMs, bought things online, and researched current events, politics, religion, or jobs. Boys, as might be expected, played more games online than girls. When these same activities were examined by age grouping (ages twelve-fourteen vs. fifteen-eighteen), younger teens were more likely to play games, older teens were more likely to use e-mail, text messages, and IM, buy things online, and research schools, health, jobs, fitness, and current events, with the remainder equivalent across age groups. The most recent Pew study reports that almost two-thirds of teens rely on the Internet for news about current events and politics, and teen use of social media has risen to 73 percent of -wired‖ teens in 2009 compared to 55 percent in 2006, demonstrating how information technology has taken central stage for teenage communication and information sharing [Lenhart et al., 2010] . They also report that while teens are not great users of Twitter, high school girls are more likely to tweet than boys. What is missing from this vein of research is the link between these differences in preferences and usage patterns and the academic choices teens make around technology.
There are many studies about how girls and boys learn differently, or respond to teaching styles differently, or are treated differently in the classroom [c.f., AAUW, 2004; Cooper and Weaver, 2003 ]. Silverman and Pritchard [1993] noted that both genders enjoy taking computer courses for similar reasons, yet boys were more likely to enroll in them. Other studies report that boys are more confident and behave more proactively in technology classes, while girls are more likely to watch passively. Families and teachers also demonstrate gender biases, often unconsciously. For example, Swanson and Miller [1998] noted that parents were twice as likely to purchase technology for sons
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Article 3 over daughters. Parents are also more likely to impose Internet use rules on girls than boys, and on younger teens than older ones [Lenhart, 2005] . It is not surprising, then, that recommendations for reaching out to girls include different forms of controlling the social and educational environment and aim mostly to mitigate gender differences in overall technology self-confidence [Dholakia et al., 2003] .
There is also evidence that children form opinions about the desirability of taking IT courses early in life, and that waiting until they enroll at a university to introduce the career choice will lessen the possibility of selecting an IT major. Rowan and Bigum [2010] note that students enter secondary school thinking they have sufficient knowledge about IT and studying it in courses would be a -waste of time,‖ or if selected, -easy,‖ and that the study of IT is both boring and too theoretical. Rather, students felt their IT skill base adequate, based on knowledge obtained during earlier school years and via home use.
Given recent advances in ownership and uses of technology by teenagers in middle and high school years, there are more opportunities than ever to either attract or dissuade children from careers in a computing field, Teenagers today are very comfortable with a range of technologies and use an array of them in everyday academic and social situations. These technologies can fade into the background like many other commodity items they use daily, or they can serve as the cornerstone of new curricular activity aimed at persuading students about the attractiveness and viability of an IT career. The aim of this paper is thus twofold: it will first document teenage technology usage patterns to reflect current activities and preferences. Our second goal is to link these patterns to other personal and family factors that might help those attempting to attract today's youth into IT careers identify the right -hooks‖ for reaching both boys and girls.
III. METHOD
Our 2007 survey of adolescent computer activity was conducted in a cross-section of middle and upper-middle class teenage students. The study aims to identify gender and age group differences in technology-use choices. The survey captures demographic data, different electronic devices ownership, self-assessment of own technical ability, and attitudes toward computer literacy and toward the ways it is taught in school. The main focus is on teenagers' everyday activities, both computer-related and non-computer-related. A survey instrument was created to obtain anonymous demographic and self-report data from a large number of male and female respondents. Data for this study was collected by a combination of Web-based and paper surveys. The paper survey consisted of a printout of the Web survey generated using Perseus. Appendix A gives the list of items covered by the survey.
The population of interest for this study is teenagers in middle and high school. Permission was obtained to administer the survey locally at one public and one private middle school, and one private high school. Surveys were distributed in several classes at each of the participating schools. No incentives were given to induce participation, which was elective on the part of the students. Students at three local public high schools were also contacted informally. In addition, a link to the survey was put up on Facebook to obtain additional responses from other locales.
The survey was pretested on a small number of high school students, with only minor changes resulting. Both online and paper surveys were administered in May, 2007. Online responses were obtained from 151 teenagers representing forty-four schools from six states. Paper surveys were administered at the three local schools, from which 160 surveys resulted. After removing problematic surveys, 303 usable surveys remained upon which the following analysis was conducted. Table 1 contains a demographic description of the survey respondents.
IV. ANALYSIS
Data analysis occurred in several steps. Initial t-tests and correlation tables were run to identify significant differences among respondents related to gender, age, and level of school (middle school vs. high school). Because of the wide variance in ages represented in the sample, there are not enough respondents at each age to test for differences at each age level. As a result, we report only on differences based on level of school, as there are adequate numbers of middle and high school respondents to assess significant differences in their responses, and level of school is a strong indicator of relative age when using this method of splitting the data set. In a few cases (as indicated in the results reported in Table 2 ), the results of a Levene's test indicated that the groups under study had unequal variances. These t-tests, which were re-computed without the assumption of equal variances, are in red in the following tables. In no cases do these adjustments affect the significance of the results.
Based on the questions raised in the literature review and the results of the initial analysis, we first tested whether gender and/or school level drive differences in ownership of technology, types and extent of technology use, or educational opinions about technology. Table 2 reports on those factors for which significant differences are noted based on gender, school level, or a combination of both. In this table, pink indicates items for which girls' responses were significantly higher, and blue indicates that boys' responses were significantly higher. The total columns at the right reflect gender differences regardless of school level.
These results show that there are differences in the amount of time boys and girls spend using technology, and also differences in how they choose to use technology. Differences are less evident in middle school, although this may be due to unequal sample sizes. As expected, boys are more likely to own computer game devices, although both girls and boys in middle school report having gaming consoles in their homes. Surprisingly, girls are more likely to own computers in middle school, but by high school more boys own computers. Overall, high school boys have access to more technology, and use it more than do younger boys. Although boys are more likely to spend a great deal of time on computer games at both levels of schooling, generally speaking, girls and boys exhibit similar usage patterns in middle school years. It is not until high school that we note heavier use of several applications by girls for entertainment or social purposes.
Preferred Applications
Girls and boys in middle school use computers about the same amount of time. By high school, girls spent more time on computers than boys, but only on weekdays. Nonparametric tests were conducted to separate out relative frequency of use from the number of hours each respondent spent on each application. Usage data was re-coded to rank the applications used most frequently to least frequently for each respondent, thus permitting analysis based on ranked preferences rather than reported number of hours spent on each activity (e.g., if respondent A used IM 2-4 hours per day and everything else for less time, and respondent B used IM more than 8 hours a day and everything else for less time, both would receive a rank of 1 for IM). Average ranks are given in Tables 3, 4a , and 5a. These ranks were then tested using the Mann-Whitney U and Wilcoxon W two-independent samples tests. The items with statistically significant differences between genders are marked in bold. Tables 4b and 5b report the analysis for weekday and weekend application preferences, respectively. E-mail and IM were the only activities ranked similarly by both genders during the week; on the weekend, the Web was the only activity both ranked similarly. Girls and boys prefer different activities even when the amount of computer time spent on each is not considered.
Volume 27 Article 3 
Homework Patterns
We next looked at how computers are used in light of overall homework patterns. No significant differences are noted in the amount of time middle school boys and girls spend on homework during the week or over the weekend (See Table 2 ). Once in high school, girls spend more time on homework than boys. In reporting how often they hand-write homework, there is no gender difference noted; however, the frequency of handwriting homework assignments drops dramatically between middle school and high school respondents, especially among girls (see Tables 6a and 6b ). Both genders use computers to help with homework at about the same level in middle school. Both genders use their computer more for homework during the week in high school than they did in middle school, although by high school, girls are using theirs more for homework than boys. In fact, girls in high school generally use computers more than boys, which shows that usage itself does not appear to be an impediment for academic work with IT. 
Non-Computer Activities
Given the finite amount of time students have for afterschool and weekend activity, differences in computer-related activity levels might be due to commitments to or preferences for extracurricular activities that are not dependent upon using a computer, such as sports, being outdoors, chores, or reading. The respondents were also asked to estimate the amount of time spent on nonacademic activities. A Non-computer Activity Index (#1) was computed from the responses to questions about these other activities, including questions about participation on organized sports teams, pleasure reading, time spent outside for non-team activities, and extracurricular socialization. A second Non-computer Activity Index (#2) also adds in the response to the question about the frequency with which the respondent hand-writes homework papers. Differences due to school level and gender are reported in Tables 6a  and 6b . Differences in non-computer activity are more pronounced in middle school than in high school. However, in general, girls report spending more time on non-computer activities than boys, especially noting that they are more likely to hand-write homework. An interesting finding is that girls also read more books than boys at both levels (see Table 2 ), but the number of books girls read drops significantly by high school, which is in line with reading habits noted by Karim and Hasan [2007] .
Computer Ownership Patterns
A series of indices were created to reflect the level of technology ownership by the respondent and the respondent's family that might help explain respondents' computer usage patterns. The composition of these indices is shown in Appendix A. Gender and school level differences for these indices are reported in Table 7 . In general, boys own more technology and have access to more technology in their homes. However, these differences do not become pronounced until high school. Much of this is driven by previously noted differences in game console ownership by high school boys, although high school boys are also more likely to own or have access to specific other technologies in their rooms. When the technology ownership indices are recomputed after dropping game consoles and devices from the relevant indices, all indices are no longer significantly different between genders or school levels, with the sole exception of Hi Tech Index1, where high school boys still have access to more technology. High school students tend to be more satisfied with how technically advanced their computer is, although a significant proportion of middle schoolers were unsure how technically advanced their machine is. There are no other gender or school level differences in satisfaction with their technology.
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About a third of both boys and girls acknowledged that there were rules imposed on them regulating their TV/computer usage at home, although most of the rules fell away once they were in high school. Interestingly, about half of those reporting the existence of rules said they did not follow them. However, this did not equate to them spending as much time as they want on their computers, as most middle schoolers and about a third of high school students would choose to spend more time with their technology if they could find the time or if house rules were relaxed.
Computer Knowledge
Respondents were also asked to evaluate their own technical ability and satisfaction with their computer skills (see Table 9 ). Boys reported a higher level of technical ability than girls, although middle school responses were not statistically different. It wasn't until high school that boys' self-assessment exceeded girls'. In fact, girls' self assessment goes down marginally by high school. Interestingly, both genders were satisfied with their level of technical ability, and their level of satisfaction did not change in high school. Boys were more likely to report that they knew all that they needed to know about computers than girls, but this difference was not evident when examined at the school level. 
Computer Coursework
Respondents were then asked several questions about the adequacy of the computer courses offered at their school (see Table 10 ). Middle school girls were happier with the computer courses offered than boys were, although it is not clear if this is because they liked the courses offered or if they didn't care what they contained. Although the differences between genders remained non-significant, by high school, boys' level of satisfaction with course offerings increased considerably and surpassed girls', 3 while girls were about the same. High school girls were also more likely to be unaware of computer courses offered in their schools. Table 11 reports on student recommendations on changes to computer course offerings. When asked how their school could improve its technology education program, almost two-thirds of the students responded that they did not care or that the courses were fine the way they are. Of those with opinions on how to improve course offerings, the most popular answer is to increase the variety of courses. High school students of both genders were more likely to recommend offering more levels of difficulty in the courses. 
V. DISCUSSION
Our goal in this study is to tease out those factors that might explain the propensity of teenagers to use or choose to study technology, such as the variables describing access to technology in the home or at school, or family member computer expertise. The analysis of more than 300 completed surveys reveals both similarities and differences in male and female elective technology use. Of particular note is that many of the gender-related differences do not appear until high school. This signals that students must be made aware of the importance and benefits of computing technology for purposes other than leisure or social interaction in the lower grades, and also in the home.
There are also significant differences in gender-based usage patterns and perspectives on computing. Girls are more likely to use technology for communication, while boys tend to opt for computer as entertainment. Girls spend more time on homework than boys, and they also use their computer for homework more once they get to high school. In middle schools, both genders assess their technical ability the same, but by high school, boys report a higher level of ability than girls and also know more about the computer curriculum in their high school. So while girls seem to be very comfortable using computers for school work, they do not feel they have learned all they need to know, yet are less aware of what courses their school offers them than high school boys. Clearly there is opportunity for schools to improve the way they reach out to female students. Cooper and Weaver [2003] point to several factors that contribute to girls' computer anxiety, including peers, teachers, parents, classroom structure, and the individual student's own expectations, identification, and performance. These factors are said to lead the student to develop his or her attitude toward computers, which will directly affect course and major selection decisions. They suggest several actions parents and schools can take to ameliorate student computer anxiety. Their suggestions predate the pervasive reliance on technology among the generation of students we sampled. That said, some of their suggestions seem to have been adopted by the families of the students in our sample, while others seem outdated given the advances made in social networking technologies that were not in use at the time of their writing. Many of their recommendations pertain to equal access to computers at home and school, teacher training, and cooperative or single-sex learning environments.
Virtually all of the students in our sample had Internet access in their homes, an indication of the widespread access this group enjoys. Of note, we observed equal level of technology access in middle school homes, yet boys garnered greater home access to assorted technology in high school. This may be the result of stereotyping coming into play as students age (from their peers, their teachers, or their families), greater interest by boys in the specific technologies covered by our survey (a byproduct of our survey design), or girls engaging in more non-computer activities than boys in their limited leisure time (student identification with a preferred set of extracurricular activities). The stereotype of boys using technology for gaming did not bear up in the younger respondents, yet by high school girls had replaced much of their gaming time with social networking, and the differential stereotype resumed. These findings are consistent with other studies that found that boys and girls diverge in their game-playing and social networking patterns as they age [cf., the large National Center for Education Statistics 2004 study referenced by Barker and Aspray, 2008] .
There is considerable research on teacher training issues throughout the IT education literature [see the review chapters in Cooper and Weaver, 2003, and Cohoon and . We note that there is much anecdotal and research evidence that many good teachers do not have adequate IT knowledge to comfortably incorporate IT into their courses, and IT teachers frequently do not have formal educational preparation or experience in addressing gender computer anxiety and preference differences to maximize the learning experience for both genders. This holds true also at the university level, where new programs on game design are taught by faculty who did not grow Volume 27 Article 3 up immersed in gaming like today's students, and have little experience with gender differences in gaming [Sung, 2009] . Even in high schools, computer instructors have been teaching for a long period of time and are -old‖ by teenage standards, and the need for training to update their IT skills to keep pace with rapidly changing technology is considered a top challenge [CSTA, 2009] . Given our focus on students rather than teachers, our data does not specifically inform the educator audience about how to respond to our findings. Rather, our goal is to illustrate the strength and evolution of gender differences so that teachers become aware of how technology is used and perceived by those sitting in the classroom, and can seek out ways to attract and retain student interest in IT courses and careers. Cooper and Weaver's [2003] single sex classroom recommendation would seem to counter efforts to equalize access to technology at school. They reviewed a wide range of research on single-sex classrooms and found many benefits and drawbacks to them. These do appeal to some female students, as was the case in the study by Carmichael [2008] about a weeklong game design course open only to girls in eighth and ninth grades. Of the twelve girls in the course, seven noted that they were more likely to enroll in a high school IT course because of the experience. Other high schools have worked hard to alter course content so that male-oriented tools and techniques do not dissuade girls from taking or excelling in computer classes. Some high schools have begun to reach out to girls in order to increase their interest in the computer-related curriculum . Thus, there appear to be alternative methods in play for successfully attracting girls to technology courses and careers.
Although we did not explicitly survey single-sex classes or instructional preferences, we noted no significant difference between genders in their recommendations for improving the IT curriculum in their school. This may be good or bad news-either current courses meet gender-centric needs well enough and everyone is happy with the status quo, or both genders don't care about the courses offered and would not attracted by any changes (as is implied by the majority who replied in this way when asked how to improve the curriculum). Families, schools, and peers are all capable of providing role models for students as they ponder their relationship with IT as something more than a plaything. The National Center for Women and Information Technology (NCWIT) has joined with over twenty organizations to provide resources and support for students and teachers in the K-12 years [Wilson and Harsha, 2009 ]. All of these influential groups must take on the responsibility for guiding students into making informed decisions about IT education and careers.
VI. CONCLUSION
The descriptive results here correspond well to gender and age differences noted by other researchers. Our focus on linking the quantity of use to scholastic and extracurricular activity extends our understanding of the patterns of teenage technology use as it develops throughout pre-university years.
As is the case with any survey, this study is subject to several limitations. The paper survey was distributed to a convenience sample representing schools in a limited geographic area. We included public schools in mid-to upperclass suburbs and a private school in an urban setting that attracts students from many surrounding towns and several countries. The online survey, while open to any age-qualified respondent, was biased toward technologically savvy students, as it was distributed only over Facebook. Given the widespread use of social networking software among today's teens, this may not cause as strong a bias as it would if the intended respondent population were adults. Another limitation is the small sample size. While 303 respondents allows us to conduct a wide range of analyses, the uneven response rates among ages limits more detailed analysis based on age. In addition, the high school sample is several times larger than the middle school sample, which may account for differences in the power of the significance of the results. Finally, the data was collected anonymously at a single point in time from pre-college age students. Thus, we cannot link our survey results with the college plans and technology skills of this same sample of students. A longitudinal study would be needed to link middle and high school usage patterns to actual choice of college major and career paths.
The results presented in this paper provide a step forward in addressing gender differences in perceptions, habits, and interests in computer and communication technologies. There is clearly an educational need for IT educators at all levels to better understand how the genders differ with respect to their attitudes toward and interest in computing careers, and there is also a training need for teachers at all levels to maintain an understanding of the current computing skill set of the students sitting in their classroom. This is both an opportunity for educators and a burden, as both the gender-specific preferences and student experience and interests evolve faster than most IT curriculum. Finally, we intend that the dissemination of our results will encourage broadly based conversation around gender preferences with respect to home and school-based elective computer use, with the aim of providing input to those overseeing educational curricula and policies, classroom software design and career counseling. 
APPENDIX A

DEFINITIONS OF DATA ITEMS IN SURVEY INSTRUMENT AND INDICES CREATED FOR ANALYSIS
